Design and development of a hydronic system for temperature regulation and heat harvesting in a building integrated photovoltaic thermal panel by Zadshir, Mehdi & Wu, Chunlin
DESIGN AND DEVELOPMENT OF A HYDRONIC SYSTEM FOR TEMPERATURE REGULATION AND HEAT 
HARVESTING IN A BUILDING INTEGRATED PHOTOVOLTAIC THERMAL PANEL 
 
Mehdi Zadshir, Department of Civil Engineering and Engineering Mechanics, Columbia University, USA 
m.zadshir@columbia.edu 
Chunlin Wu, Department of Civil Engineering and Engineering Mechanics, Columbia University, USA 
 
 
Key Words: Energy Harvesting, Photovoltaics, Solar Energy, Efficiency, Building Envelope. 
 
In recent years, solar energy has drawn vast attention as an abundant source of clean renewable energy. 
However, a common issue with the solar panels is the reduction of their efficiency and the output power with 
increased temperature of the panel’s surface. For every degree rise in temperature, the efficiency decreases by 
about 0.40 – 0.50%. In addition, the absorbed heat accelerates the aging of the cells and shortens their lifespan. 
Herein, a novel design is presented to reduce the temperature of the cells by means of a hydronic loop system 
integrated on the backside of the panel. In this design, aluminum tubes that are cast inside a foamed aluminum 
layer are integrated on the backside of the solar panel and a fluid with high heat capacity circulates inside the 
tubes in a closed loop. The fluid absorbs the heat when it comes in contact with the panels and thus, reduces 
the surface temperature of the cells and makes them cooler. Therefore, the water is acted as both a heat sink 
and a heat collector. The heated fluid is then transferred to the facility room of the building via a pump to heat a 
water tank indirectly. As a result, the temperature of the panel can be regulated during the operation time, and 
the harvested heat could be used for warm water applications in the building. This system not only maintains the 
efficiency of the solar panels at its feasible peak but also harvests heat and reduces the total energy 




















Figure 1 – Schematic illustration of the hydronic system 
